ABSTRACT
Introduction

29
The global demand for plastic increases annually as the rapid economic catalysis-pyrolysis of waste plastics [10, 11] . In that process, the valuable product 49 CNTs was produced instead of unwanted coke, which may lead to serious catalyst 50 deactivation. Furthermore, low-cost CNTs from waste plastics have been used as 51 reinforced material and resulted good performance of tensile and flexural strength,
52
presenting its great potential in industry application [12, 13] .
53
CNTs, since it was firstly reported by Iijima in the early 1990s [14] , has been 54 attracting considerable attentions because of the unique electrochemical and 55 mechanical properties [15] . It is known that CH4, C2H2 that from petrol industry, are 56 normally used as the carbon precursors for carbon nanotubes production using 57 chemical vapor deposition (CVD) method, which has been the dominant mode for 58 large production around the world [16] [17] [18] . As those small gases for CNTs production 59 can also be obtained from pyrolysis of waste plastics, it is an attractive way to apply 60 the pyrolysis-catalysis process to waste plastics for carbon nanotubes without overdue 61 consumption of non-renewable resources. Pyrolysis-catalysis process of waste plastics 62 for producing CNTs has similar principle as traditional CVD method using CH4, 63 whereas, the main difference is that pyrolysis of plastic produces complicated carbon 64 sources. Ni based catalysts are reported to have good reactivity for C-C and C-H bond cleavage, thus they are effective for polymers cracking and reforming reactions [ Germany) to monitor gas evolution online with a data acquisition frequency of 1 s -1 .
150
The signals identified as the atomic mass units of 2, 16, 26, 28, 30, 44 corresponded 151 to the main produced gas H2, CH4, C2H2, CO+C2H4, C2H6 and CO2 respectively,
152
according to the molecular weights of gases. The main stream was sampled with a 20 L gasbag, and gas composition was determined using a dual-channel gas The morphologies of CNTs were obtained using a scanning electron microscopy 
Analysis methods
187
Concentrations of the gases collected in the sample bag were obtained from gas The reduction of Ni-Fe bimetallic catalysts is complex and presents in a number 223 of asymmetric stages (Fig.3) . TPR results of NiFe13 show a peak around 400 °C in 224 addition to a broader peak from 500 to 750 °C and a peak higher than 750 °C. It 225 suggests that more than two metal species contributes to the reduction of NiFe13. Fig. 4 , and real-time temperature for each trial was also plotted.
266
As the oxygen content of plastics was very limited and oxygenic groups exist in side 267 chain of polymer, it is suggested that oxygen-contained compounds like CO and CO2 268 are easily released at the beginning of the reaction. In that sense, for the signal of 28 269 a.m.u, which is the superposition of C2H4 and CO, the first peak was due to the 270 evolution of CO and the second was for the C2H4. It can be seen that gas from only 271 thermal cracking of plastic wastes (the no catalyst trial in Fig.4 (a) In order to compare these five catalysts in terms of different products quantities, 296 the gas yield, gas composition, solid yield as well as mass balance are summarized in 297 Fe/Al2O3 generated a higher yield of carbon deposits than Ni/Al2O3 during 315 pyrolysis-catalytic process of low density polyethylene.
316 Table 1 The carbon residues obtained exhibited very fluffy solid particles ( Fig. 6(a) ), Raman analysis (Fig. 8) 
